Abstract: We report on the new way of achieving sharp transmission and reflection resonances in subwavelength structured artificial materials.
Here we report the first experiential results on a new type of planar metallic metamaterials, which shows exceptionally narrow transmission and reflection stop-bands. The development of structure with a large resonance quality factor and narrow resonant spectral band is crucially important for developing photonics metamaterials such as negative index media, polarization and frequency selective surfaces etc.
We achieve the high quality resonances by introducing a symmetry breaking in the shape of metal inclusions forming the metamaterial. The new type of metamaterial that we report here is formed by a periodic array of identical sub-wavelength planar metallic "particles", which are structured in the form of an asymmetrically split ring (ASR) and placed on a dielectric substrate (see Fig. la ). The ASR-structure exhibits a very sharp resonant response with the quality factor at least one order of magnitude large than that typically encountered in the existing metamaterials and frequency selective surfaces. We show that the nature of the high-Q response can be associated with so-called closed or dark modes -anti-symmetric current modes excited in the ASR-particles, which are weakly coupled to free-space [1] .
Coupling to such modes is usually forbidden unless the particles have a certain structural asymmetry. Manifestation of the resonant properties depends on the type of the symmetry breaking. For the case of asymmetrically split rings shown in Fig. la (a metallic ring split into 2 unequal parts) the metamaterial exhibits an ultra-narrow resonant reflection stopband near 5.5 GHz (see Fig. lb 
